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Abstract 

We propose that the spin-chain with the PSU(2|2)<g>U(l) 3 symmetry is equivalent 
to the non-linear c-model on PSU(2|2)<giU(l) 3 /{H(giU(l)} with a certain subgroup. 
To this end we show that the spin-variable of the former theory is identified as the 
Killing scalar of the latter and their correlation functions can have the same inte- 
grability. It is crucial to think that the respective theory gets the PSU(2|2)®U(1) 3 
symmetry by a symmetry reduction the exceptional supergroup D(2,l;7), rather 
than by an extension of PSU(2|2). 
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1 Introduction 


The study of the string/QCD duality has a long history going back to the late 1970s. 
During the decade the subject has been studied with a renewed interest. The most 
clear-cut assertion of the string/QCD duality was made by calculating the anomalous 
dimensions of a spin-chain system on one side and the J\f = 4 SUSY QCD on the other 
and showing a remarkable agreement between them [I]. A spin-chain system of variables 
'ijjm(x) was defined by correlation functions taking the form PJ 

e i Plxl+W2X2+ . < ^ (a . 2) .> . (i) 

Here ^ m (x) is assumed to be the fundamental vector of the PSU(2|2)<g)U(l) 3 symmetry. 
It is also assumed that the correlation functions obey the exchange algebra with the 
R-matrix for two adjacent variables i/) m (x) s. If the symmetry of the spin-system were 
strictly PSU(2|2), the R-matrix would be universally given by the plug-in formula for 
PSU(2|2)[3j i], and the correlation functions would be position-independent as those 
of the topological theory [H]. The PSU(2|2) symmetry had to be centrally extended to 
PSU(2|2)<g)U(l) 3 in order to give an account of the duality to the JV = 4 SUSY QCD. A 
position-dependent R-matrix was found in an explicit form[2], which is not of the difference 
form of the two spectral parameters. This unusual feature of the R-matrix attracted a 
vivid interest among the community of mathematical physics [6]. A keen insight into the 
matter was given by realizing PSU(2|2)ig)U(l) 3 as a symmetry reduction of the exceptional 
group D(2,1;7)[2I Cj- 

The above arguments are based on the integrability and the PSU(2|2)<g)U(l) 3 symme¬ 
try. They are just assumed and their origin is obscure. These assumptions get a firm base 
by considering a 2-d non-linear cr-model with the PSU(2|2)<g)U(l) 3 symmetry as an equiv¬ 
alent theory to the spin-system. Namely the non-linear a-model is integrable admitting 
an infinite number of conserved currents. The PSU(2|2)<g)U(l) 3 symmetry is regarded as 
descending from the superconformal symmetry of the IIB superstring. 

According to [8] a quantity corresponding to the spin-variable with the PSU(2|2) 
symmetry may be constructed as the Killing scalar on a coset space PSU(2|2)/H with a 
certain grouppj The exchange algebra for the Killing scalar may be discussed by studying 
the Poisson structure in the non-linear a-model on PSU(2|2)/H. The R-matrix of the 
exchange algebra is universal following the quantization of [8]. 

The aim of this letter is to show that when the spin-system has the centrally extended 
symmetry PSU(2|2)<g)U(l) 3 [2], the equivalent theory is the non-linear a-model on an 
enlarged coset space PSU(2|2)<8)U(1) 3 /{H®U(1)}. That is, we show that the Killing scalar 
of this generalized non-linear a-model has the same transformation property as the spin- 
variable Vv with the PSU(2|2)<g)U(l) 3 symmetry. As the result the non-linear a-model has 
the position dependent R-matrix of the spin-system and correlation functions taking the 
centrally extended form identical to P). But the coset space PSU(2|2)<g)U(l) 3 /{H(g)U(l)} 

lr The Killing scalar was discussed originally as a quantity called the G-primary in the constrained 
WZWN model on the coset space G/{Hg)U(l) rf }[9l ITfl] . In the context of the non-linear cr-model it was 
discussed in mi 
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is meaningless as it is, because the ordinary non-linear realization is not applicable to 
a non-simple group such as PSU(2|2)<g)U(l) 3 . To give it a precise meaning we consider 
the non-linear cr-model on a further enlarged coset space D( 2 , 1 ; 7 )/{H®U( 1 )}. The non¬ 
linear a-model on PSU(2|2)<g)U(l) 3 /{H®U(l)} is defined by the symmetry reduction of 
D( 2 ,l; 7 ) to PSU(2|2)®U(1 ) 3 in the model thus generalized. The symmetry reduction is 
undertaken in the same way as was done for the spin-system [2J 7j. 

This letter is organized as follows. In section 2 we explain the Lie-algebra of D( 2 ,l; 7 ) 
and a reducing process to go to the subgroups PSU(2|2)<giU(l) 3 , SU(2|2), PSU(2|2) at an 
algebraic level. In section 3 the matrix representation for those subgroups are given. The 
non-linear representation of D( 2 ,l; 7 ) is discussed in section 4. In section 5 we undertake 
the symmetry reduction, discussed at the algebraic level in section 2 , in the coset space 
D( 2 ,l; 7 )/{H(g)LI(l) 3 }. It is then shwon that the non-linear cr-model on the reduced coset 
space is equivalent to the spin-chain with the PSU(2|2) symmetry. 


2 The Lie-algebra of D(2,l;7) 

The Lie-algebra of D( 2 ,l; 7 ) is given by 17 generators 

= ( 2 ) 

F°‘ aa ,L a p,R a b ,L a £ generate the subgroup SU(2)<g)SU(2)<g)SU(2) and F aaa are fermionic 
generators which enlarge the subgroup to D( 2 ,l; 7 ). The Lie-algebra takes the form[2j 7\ 

[L a e, L\] = —SpL a s + Sftfp, [R \, R c d ] = —5 b R a d + 5 a d R\, (3) 

[^ t ] = ^L% + SfL\ (4) 

[ L a F 7C7] = [R\, F^] = -5 c b F^ + -5%F^, (5) 


2 

[^o., F 7C7] _ _ 5 j F Jca + 

{F““, F^} = ae aK e ab e^L^ K + ^e ak e^R b k + 7 e^e ab e hk l\. 


( 6 ) 

(7) 


with a + /3 + 7 = 0. The overall scaling does not change the algebraic structure. The 
algebra is characterized by the only parameter e = With the definition 


L a , = 


c 

K 

-p 

-C 


e ak S% 


e aK Q\ 


( 12 ]) is decomposed as 

{TE} = {Q\,S a a ,L a p,R a bl C 1 P 1 K}. 
In this base the algebrae (JJJ), (| 6 ]) and (J7J) become 

{Q\, Q\] = {S"„, = 7 e°^ ab K, 


( 8 ) 


(9) 
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{Q\, S' 5 ,} = oSSlf" - !3SiR\ + 7 SffiC, 

[C, P] = P , [C, A'] = -A, [P, A] = - 2 C, 

[C,S“] = , [P,S”] = [A,S“] = 0, 

[c, Q“j = ig°„ [P Q a J = 0, [A, Q«J = 

and the algebrae ([3]) and ([5]) do not change the forms, i.e., 

L\\ = + %L\ \R\, R d ] = —8 b R a d + S d R c b , 

[L a p, St] = -qs° d + \sp\, [R\, Q%] = -81Q% + i W 

[L\ Q%] = - \w-n [At, St] = t“s; - I«st, 

The quadratic Casimir is given by 


7 ’ 


r = ai>"« + + 7£y4 - e.P^A^AOW 

= aiy7 + /3fit«t + 7 (2C 2 - FA - KP) + S“„Q“„ - Q“„S“ 


( 10 ) 

( 11 ) 

( 12 ) 

(13) 


(14) 


in the respective basis of the algebrae (j3]) rs-/ © and m~<m- 

To obtain the Lie-algebra of PSU(2|2)<g)LI(l) 3 , we rescale as (C, P, K ) —>- 2((7, P, A')[2j 
[?]. In the limit 7 —» (0 © and (TTO]) become 

Wt, Q‘7 = £^e“‘P {S“ , St} = e^A, 

Wt, Sf} = - f)SiR\ + SZKC, (15) 


with a T /3 = 0, while (1 11 [W(fT3l) vanishing algebrae. Together with the algebrae (fl4|) 
they are closed to the centrally extended algebra of PSU(2|2)(g)U(l) 3 . We denote the 
generators of this algebra by 


{ t eLpsu 0 D(D*} = Wt, St, L\ R\, C, p A}. 


(16) 


Here the generators are the same one as given by ([ 8 ]), but by the above rescaling the 
SU( 2 ) symmetry given by (flTj) is broken to U(l) 3 . We shall call this symmetry reduction 
the PSU(2|2)®U(1 ) 3 limit. Actually the algebrae (ITT]) and (ITT]) are closed to even smaller 
algebrae, of which generators are 


and 


(Wtf) = US,} = wt.st.iyAVC}, 


(17) 


{TApswum*} c=p , k , 0 = {7?su} = Wt, St, it- «“»}■ (18) 

The symmetry reductions are called the SU(2|2) and PSU(2|2) limits respectively. 


2 In [21 [Z] they took the limit e —> 0 for a = 1, /3 = — 1 — e, 7 = e. It is the same as our limit by overall 

scaling. 
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3 Matrix representation 


The generators of PSU(2|2)<g)U(l) 3 in (fT4l) and (TT5l) can be represented by 4x4 matrices|[2j 
[7J as 


L“ = 


SfS'l-pS’ZS] 

op 2 p o 

„ 

0 

0 


\ 


/ 


R a — 
b 


Q a a = 


/ 


0 

Ml5 a d 

Be ac e aS 

0 

V 



5 “ = 


p= 


/ 


ABS] 

0 

V o 

AB5 C , 



K= 


0 

0 

0 


0 

Ce ad e a ~< ^ 

™?S C a 

0 ) 

CVS] 

. ) 


CV5 C , 

0 

d / 


C= 


/ 


±(.4(D+BC)<5J 

0 

^ 0 

i(^(D+BC)5= 


with the index notation of a 4x4 supermatrix 


t = 


/ 

ft 

1 S 

ft 

1 d 

V 

+c 

1 8 

t c 

1 d 


(19) 


/ 

Here the constants A, B, C, V are constrained by 

AV — BC = a = -p. 

Let ip to be a linear representation vector of PSU(2|2)(g)U(l) 3 . It transforms as 


( 20 ) 


with 



( 

\ 

^~D->-PSU(g>U(l ) 3 ^ ~ 

cl's ~ \$s e L + <5jc 

Acq 1 ' d + Ces b Cbd 

Pe 5 c 5 + Be Q a a e ac € a s 

tRd ~ ¥d e R + S d c 



\ 

/ 

c = —ec{AI^ + BC) + e P AB + 


Vh (21) 
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Here the generators T D ^ psu®u(i ) 3 were given in (JT6]), and use was made of the correspond¬ 
ing infinitesimal parameters 


{ e “} = { e L a / 3 , (R b , e Q a a , 6 S a a , e c , €p, e K }- 

When B = C = 0 (12B becomes the linear transformation of SU(2|2)(=PSU(2|2)®U(1)) 


5ip = ie ■ Ti v ip = 


( 

\ 

e L 's ~ + \^S e C 


Ve s c s 

e R°d ~ \^d e R + \^d e C 

V 

/ 


^ ( 22 ) 


with the constraints (12U|) simplihed to be AT> = a = —(3. By ec = 0 this becomes the 
PSU(2|2) limit of the transformation. 


4 Non-linear representation of D(2,1 57 ) 

In this section we discuss the coset space D(2,1;7)/{H®U(1)} which non-linearly realizes 
the exceptional supergroup D(2,l;7), whose Lie-algebra was discussed in section 2. We 
choose the simplest case where H=SU(2)0SU(2). Then the generators of D(2,l;7) are 
decomposed into the subsets denoted by 


H 1 

{rf} = 

X i Y i h 1 

D(2,1;7)/{H0U(1)} is parametrized by the supercoordinates = (x,9 a a ) and the com¬ 
plex conjugates a 1 = (y,uj a a ) which correspond to the generators {X'} and {Y 1 } respec¬ 
tively. However at first we consider the coset space D(2,1;7) C /{H 0 U(lj }, in which 
D(2,1 ; 7 ) c is the complex extension of D(2,l;7) and H0U(1) C is the complex subgroup 
generated by the generators H 1 and C in the decomposition. Write a coset element of 
D(2,1; 7 ) c /{H 0U(1) c } as 

e v-x = e xP+e a a Q a a ' 


For a left multiplication of an element e* e ' TD G D(2,l;7) the coset element changes as 

e U-Tb e pX e -i[\('p, e )-H+\c(<p,e)C\ = e v'&A-X 

with a compensator e~^Y‘f’ e )' H + x c( i Ppc] _ Here use was made of 

e • Td = epP + • Q + (r'K + e$ ■ S + e R ■ L + e R ■ R + ecC , 

A((p, e) ■ H — A K (v, e)K + A s (<p, e) ■ S + \ L ((p , e) ■ L + \ R (ip, e) ■ R. 


(23) 


(24) 
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(1231) defines the transformation of the coordinates e). When e is infinitesimally 

small this relation defines the Killing vectors R~ l ((p) as 

V = = (e s Rf(<p),e s R^M), 

and the parameter functions A“(<p) and Ag(<p) °f th e compensator as 

5\((p, e) • H + <5A c (<p, e)C = e“[A“(<p) • H + Ag(<p)C]. 

According to [[12] they can be calculated in a purely algebraic way. We only outline 
the calculation. For the details the reader may refer to [T3] . For infinitesimally small 
parameters e“, we may write the transformation ([23]) as 

e <p-X+e s R s -X+0(e 2 ) = je-Tn e <p-X e -i[\(<p,e)-H+\ c (<p,e)C] _ 


This becomes 

gip-X+e s R s X+0(e 2 ) 

= e V-X+iYZ =0 ^{ad <p.x :)"( £ -T D )-i^“ =0 (- 1 )"a„(ad ^X)»(e s [A s ( V3 )-A+Ag( V )C])+0(e 2 )^ mgN 

by using the following formulae: for matrices £ and X 


exp £ exp X 


exp X exp £ 


exp I + ]T a n (ad X) n £ + 0(£ 2 ) , 

A n =0 ' 

exp (x + jr{-l) n a n (ad X) n £ + 0(£ 2 )\ 

A n = o ' 


(26) 

(27) 


if £ -C 1. Here ot v are the constants 


1 1 

«o — 1, on — — Oi 2 — —, cc 3 — 0, 


«4 = 


1 

720’ 


The quantity (ad X) n in (1261) and (1271) is a mapping defined by the n-plc commutator 


(adxys= [A',...,[A', [X, £]]■■■]. 


These formulae were proved in appendix A of [12j. 

We calculate the multiple commutators in the r.h.s. of (|25]h assuming that the gen¬ 
erators T “ commute with <ps, As, es irrespectively of their gradingsjfl We then expand 
R s (ip), A H (<p) , A ci^p) in series of <p l : 

R^(ip) = R( 0 )(p) + -R(i)(<tO d-A R( n )(y) d-, 

A“(<p) = A^ 0) (<p) + A(i)(<^) H-h A^)(<p) H-, 

^civ) = ^c(o)(p) + -Acp)^) d-b -Ac(n)(^) d-, 

3 For this assumption refer to appendix B of [12[ . 
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Comparing the powers of both sides of (1251) order by order yields recursive relations for 
-^(n)(^)> •^c(n)( ( ^)- With the initial condition = ( iepjieQ a a ) we solve the 

relations for them. By lengthy calculations, but a purely algebraic use of ([9]) rs j o we 
find that |13j 


ie^Rp = ep 

-Y 

12 


- (Qt + tcx ] + ^(2e K x - 7®<s)i 

« - ( 3)^£ 0 ‘r„e\(9e s )' i 7 - £(a - 


1 


= e Q “ + [xe s y^ + (fc t )“ a - (»€«)■>„ + -£C«“ J + 

- 5 [(a - - 5 [(a + f> - 7 

- g(a - 


(28) 


together with 


e ) — e K, -^ 5(^1 e) 6 /3 — ^S & /3 + £ap£ ab £K9 a cn 


a 


3(^1 e ) = e i “/3 - a[(0e 5 )^ - -<5|(0e s )J - -e K e lfi e c 6 Q b 6\, 

A*“»(¥>, e) = e K a t + D [(»«)“, - 5d?(9es)] + f e K e^e“0“, 

Ac(<A e) = e c - 7 (^ 5 ) + 2 xe A -. 

So far we have discussed the coset space D(2,l;7) c /H(g)U(l) c . We may enlarge the 
coset space to D(2,l;7) c /H(g)U(l) as 


D(2,1, e) c D(2,1, e) ( 


H®U(lf {H®U(1)} ( 


H®U(1) H (g) U(1) C {H <g) U(l)}° H®U(1) 


Correspondingly an element e l ^' x e D(2,1;7) C /{H®U(1) C } is generalized to 




D(2,1;7) C 

H<g>U(l) 


(29) 


It becomes a coset element of D(2,l;7)/{H<g)U(l)} when imposed on D(2,l;7) the unitarity 
WU = UW = 1 and the complex structure so that AC* = Y l and ip* 1 = cr*. Then a Y (ip, a) 
consisting of clk(p>, ct) and as a a (ip, cr) are complex functions, but bi, a p(ip, ct), bn a b (ip, a) and 
c(<p,c t) real functions by definition of the coset space {H 0 U(l)} c /{H®U(l)}[fJ]. They 
are determined by the unitarity of U(cp,cr). Practically it is done by writing the unitary 
condition as 


e a ' Y e v ' x = e~ aY ^ ,a ^*' x e~ 2 ^ bL ^ ,f,a ^ L+bR ^‘ f ’ a ^ R+c ^’ rT ' >c ^e~ aY ^ ip ' <T ' > ' Y 


(30) 


and evaluating both sides in an appropriate matrix representation, say d x d supermatrix 
representation. Thus we obtain U(ip,a ) as a coset element of D(2,1;7)/{H®U(1)}. 

















Now we are in a position to discuss the Killing scalar for the coset space D(2,l;7)/H® 
U(l). For a left multiplication of an element e* e ' TD G D(2,l;7) the coset element U((p,cr) 
transforms as 


= U( V '( V ,e),a'(a,e)), (31) 

with an appropriately chosen compensator e l p(v^P- H +i pc iv,apc. U(ip , a) has been already 
obtained in the d x d supermatrix representation. Then the Killing scalar T(<p, cr) of the 
coset space D(2,1;7)/H0U(1), which transforms as 


T (ip, a) —> e“' TD T(^,ff), 


(32) 


is given by taking any column vector from U(ip, cr), for example 


n 


T (<^w) = H 

< 2=1 


( U l d (y,a) \ 
i{<p, cr) 

V U n d (<p, cr) ) 


(33) 


Here q is a quantity transforming as q —> e ip(yd)U ^' H+ ' lpc ^’ a ' t ' >c q, which is induced by the 
transformation (j3TT) . Its existence was shown in |8]. 


5 Symmetry reduction to PSU(2|2)(S)U(1) 3 


Now we come to the main point of this letter. Let us reduce the D(2,l;7) symmetry to 
PSU(2|2)<g)U(l) 3 in the non-linear representation. The Lie-algebra in this limit was given 
fflill and (fl5|) . while (TTT]) ~ (1T3T) vanishing after the rescaling (C,P,K) —» ^(C,P,K). To 
hnd the Killing vectors (j28|) in the scaling limit, the calculation in the previous section 
should be redone with these algebra. We then hnd them to tend to 


— fe Rp — e P — -£ a 0t ab d a a e Qb ~ Y2 
-ie-R%\ = e Q a a + ( de L ) a a - (6 9e R ) a a 


(a - P)e a/3 e ab dy\(e6s)P T 

- \(« - 


(34) 


It amounts to dropping the coupling terms of the parameters ec,ep,e^ and the coor¬ 
dinate x in (BHD - It is because the multiple commutators with C,P,K in the r.li.s. 
of ([25]) are vanishing when calculated in the limit. Correspondingly the coset space 
D(2,1;7)/{H®U(1)} is reduced to PSU(2|2)<g)U(l) 3 / (H0U(1)}. The transformation (1341) 
represents the PSU(2|2)0U(1) 3 symmetry on this reduced coset space. Thus a non-simple 
group symmetry such as PSU(2|2)®U(1) 3 has been non-linearly realized in a def ini te way. 
Without the above symmetry reduction it would have been found hardly. This is an 
important point in this letter. Thus the coset space PSU(2|2)®U(l) 3 /{H<g)U(l)} gets 
well-defined by the Killing vectors (EH]) . For this coset space we may hnd the Killing 
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scalar as well. Here also we had better recalculate it as has been done for the Killing 
vectors (J34j), rather than resort to a scaling argument of (133[) . It takes the form 

^PSUig)U(l ) 3 a ) = e + y ^psv{9, uj), (35) 

with T P g U (6 l ,a;) the Killing scalar for the coset space PSU(2|2)/H. The phase factor 

is due to the decoupling of C,P,K in the limit. This form of the Killing scalar may 

be alternatively understood by writing the coset space PSU(2|2)<giU(l) 3 /{H®U(l)} as 

PSU(2|2)<g)U(l) 2 /H. Namely the phase factor in (l35l) is due to the U(l) 2 charge. The 

Killing scalar (T35l) transforms as 

^PSU(g>U(l ) 3 (‘/b a ) * e PSU ®U( 1)3 Ypsu^up) 3 ^; (36) 

by the non-linear transformation (|34|) by the construction. It is interesting to observe that 
the linear transformation (j36l) is obtained although the phase factor e ’ lxP + i y R i s subjected 
to the non-linear transformation by the Killing vector Rf, in (1341) . (1361) is isomorphic 
to the transformation (EH). Hence may be identified with the spin-variable 

ipm of the spin-system with PSU(2|2)®U(1) 3 . Consequently we are led to claim that the 
non-linear a model on PSU(2|2)<g)U(l) 3 /{H®U(l)} is equivalent to the spin-system with 
the centrally extended symmetry PSU(2|2)<g)U(l) 3 . 

In the PSU(2|2)<g)U(l) 3 limit the assumed d x d matrix representation in (ITU) becomes 
reducible to that of 4x4 matrix. When we use the latter representation the equivalence 
between the non-linear cr-model and the spin-system becomes more clear, by writing the 
Killing scalar Tpsu(^,w) in (|35l) in an explicit form. To this end we need an element of 
PSU(2|2)/H similar to ([29]), 


U(0, u) = e o-Q e *(W-s e b L (Ov)-i+b B (Ov)-R+«e*>)c e psu(2|2)/H. (37) 


The parameter functions are obtained as the PSU(2|2)(g)U(l) 3 limit of U((p, a ) E D(2,l;7)/ 
H®U(1), but may be directly found by repeating the procedure again. We work out the 
unitary condition (l30li for this case. Use the matrix representation (fT9l) of PSU(2|2)<g)U(l) 3 
in the PSU(2|2) limit, defined by (fT8l) . We then hnd ([37]) to be 


U{Q,u) 


C^te.w) 

K(0,oo) \ 


/ 1 

y/l+0 lj 

A p 

VI+Olj 

u° s {e,u) 

u c A<>,“) J 

-v ,, 

V Vi+uie^ 

1 

Vi+wO 


Here note that A* =T> since we have the constraint AT> = a = — (3 from (EU1) . Hence the 
complex structure was assumed also for PSU(2|2). With this U(9,co) the Killing scalar 
Apsv(9,co) of the form (1331) becomes explicit as 


Tpsu^ w ) 


£7(»,u) \ 

- V 

V U c d (6,ou) ) 


— 1 — 11 ’ 
V vi +u0 / 


(38) 


for instance. Thus the Killing scalar Ypstr^un) 3 (ip, a) given by (l35l) represents two- 
component spinors of the spin-variable ip m . 
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6 Conclusion 


In this letter we have discussed the central extension of PSU(2|2) to PSU(2|2)<g)U(l) 3 in 
the non-linear representation. To this end we studied the coset space D(2,l;7)/{H<g)U(l)} 
choosing H to be SU(2|2)®SU(2|2). Then the coset space PSU(2|2)c*DU(l) 3 /{H(g)U(l)} 
was well-defined by the symmetry reduction of D(2,l;7) to PSU(2|2)<g)U(l) 3 in the former 
coset space. The Killing scalar Y PSU(g)U(1) 3((p, cr) for this reduced coset space was obtained 
in the form (155j) . It was shown to transform as (15P|) by the non-linear transformation 
of the reduced coset space, given by (1511) . Identifying Y PSU(g)U( ^3(<p, a) with the spin- 
variable we have claimed that the non-linear cr-model on PSU(2|2)(g)U(l) 3 /{H(g)U(l)} 
is equivalent to the spin-system with the PSU(2|2)<g)U(l) 3 symmetry. 

The central extension of PSU(2|2) to PSU(2|2)®U(1) 3 in the non-linear representation 
can be similarly done by choosing H to be U(l)<g)U(l) instead of SU(2|2)®SU(2|2). For this 
case the PSU(2|2)<g)U(l) 3 symmetry is realized on the coset space PSU(2|2)<giU(l) 3 /U(l) 3 , 
which is a central extension of the coset space PSU(2|2)/U(1) 2 . It is obtained from 
D(2,l;7)/U(l) 3 by the symmetry reduction discussed in this letter. To study these coset 
spaces the generators of PSU(2|2) are furthermore decomposed as 


{Tpsul = (A, L\, R\, R\, S a a , L\(= -L\), R\(= 


v 


Q 


n 



The coset space PSU(2|2)/U(1) 2 is mimic to PSU(2,2|4)/{SO(l,4)<g)SO(5)} discussed in 
[15 ] . It is parametrized by the coordinates Xg 2 ^g 2 of S 2 <g)S 2 and the fermionic ones 0, 
which correspond to the coset generators V and Q respectively. The Killing scalar for the 
coset space takes the same form as for PSU(2,2|4)/{SO(l,4)<g)SO(5)}[l2j 

T PSU (X, 0) = e^s^s2-v+e-Q) V ' (39) 


It resembles to the vertex operator of the Green-Schwarz superstring. We consider an en¬ 
larged coset space as D(2,l;7)/U(l) 3 by introducing the coordinates x and y(— x*) as pre¬ 
viously. For this enlarged coset space there exists the Killing scalar, say T(x, y , A S 2 0S 2 , 0). 
The central extension of the Killing scalar (159]) is the limit of it in which D(2,l;7)/U(l) 3 
gets reduced to PSU(2|2)<g)U(l) 3 /U(l) 3 , i.e., 

^PSUigiU(l ) 3 (x, y, X S 2^ S 2,0) = e ixP+iyK T PSV (X s2 ^, 0). (40) 

It corresponds to (j35j) in the previous argument, and has the same transformation property 
as (j36l) by the non-linear transformation realized on the PSU(2|2)<g)U(l) 3 /U(l) 3 . 

Either of the Killing scalars Y(<p,cr) and T(x, y, Ag 2 g, S 2 ,0), given in a form such as 
(133|) . satisfies the exchange algebra with the universal R-matrix of D(2,l;7), when non¬ 
linear (j-models on those coset spaces are quantized following mm- The universal 
R-matrix becomes position-dependent as the consequence of the symmetry reducing of 
these Killing scalars as (1551) and (1501) respectively. The real problem is to understand 
how the U(l) phase factors in (155|) and (1501) are braided in the correlation functions © 


ii 






so that the R-matrix satisfies the Yang-Baxter equation[2]. We hope that the non-linear 
representation presented in this letter would shed new light on such a study. 
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